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Abstract
In this paper we consider holographic dark energy model with corrected holographic
energy density and show that this model may be equivalent to the modified Chaplygin
gas model. Then we obtain relation between entropy corrected holographic dark energy
model and scalar field models. We do these works by using choices of IR cut-off length
proportional to the Hubble radius, the event horizon radius, the Ricci length, and the
Granda-Oliveros length.
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1 Introduction
Astrophysical observations of type Ia supernovae [1, 2], the large-scale structure [3], the cos-
mic microwave back grand radiation [4] suggest accelerated expansion of universe which may
be described by the dark energy [5, 6]. The simplest model to describe dark energy is the
cosmological constant, but this model suffers from the cosmic coincidence problems and the
fine-tuning. Another suggested models consist of k-essence [7, 8], tachyon [9], quintom [10],
quintessence [11] and phantom [12]. Also, there is an interesting model based on equation of
state of Chaplygin gas and its generalizations [13-20]. On the other hand, one can investigate
the nature of dark energy based on some principles of quantum gravity, which is yield to
holographic dark energy (HDE) model [21-29].
In the recent work [30], interacting HDE based on scalar field models has been studied and
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found that interacting HDEmodel can be considered as the modified Chaplygin gas model. In
that case it is possible to study interacting entropy-corrected holographic dark energy models
[31, 32, 33]. So, in the Refs. [31, 32] a correspondence between the tachyon, K-essence and
dilaton scalar field models established with the interacting entropy-corrected holographic
dark energy model in non-flat FRW universe, and dynamics of these scalar fields according
to the evolutionary behavior of the interacting entropy-corrected holographic dark energy
model has been studied. Then Ref. [33] extended previous works to the case of variable
gravitational constant and obtained the equation of state and the deceleration parameters
of the interacting viscous entropy-corrected holographic dark energy model. Also, the po-
tential and the dynamics of the quintessence, tachyon, K-essence and dilaton scalar field
models according to the evolutionary behavior of the interacting viscous entropy-corrected
holographic dark energy model with time-varying G reconstructed.
Now, in this paper we would like to obtain relation between interacting entropy-corrected
HDE model and modified Chaplygin gas, also with scalar fields by using different choices of
IR cut-off length.
2 Entropy-corrected holographic dark energy
It is found that the HDE density may be obtained from the entropy bound [34]. In the
framework of black hole thermodynamics [35-46], there is a maximum entropy which is
called the Bekenstein-Hawking entropy bound (SBH = A/4G), which is yield to the following
relation for the HDE density [33],
ρd ≤ 3c2M2pL−2, (1)
where c is a numerical constant (however it may be considered as a non-constant parameter
[47, 48]), M is the reduce Planck mass, and L shows the IR cut-off length. In the restriction
(1), equality is given if the holographic bound is saturated. In order to consider the quantum
effects the Bekenstein-Hawking entropy may be corrected as the following [49, 50, 51],
S =
A
4G
+ γ˜ ln(
A
4G
) + β˜, (2)
where γ˜ and β˜ are undetermined constants. By using the relation (2) the entropy-corrected
HDE proposed in the following form [52],
ρd = 3c
2L−2 + γL−4 lnL2 + βL−4, (3)
where γ and β are dimensionless constants. In this paper we use several choice of IR cut-off
length such as L = H−1 (the Hubble radius), L = RE (the radius of the event horizon),
L = (H2 + H˙)
−1
2 (the Ricci length), and L = (αH2 + βH˙)
−1
2 (the Granda-Oliveros length).
2
3 Entropy corrected HDE model and modified Chap-
lygin gas
As we know the FRW universe is described by the following line element,
ds2 = −dt2 + a2(t)
(
dr2
1− kr2 + r
2dΩ2
)
, (4)
where k = 0,+1,−1 are corresponding to flat, closed and open universe. The first Friedman
equation is given by,
H2 +
k
a2
=
8piG
3
(ρd + ρm), (5)
where ρd is the energy density for the entropy corrected single HDE model and ρm is the
energy density of dark matter. Also the conservation energy equation separated as the
following,
˙ρm + 3Hρm = Q, (6)
and
ρ˙d + 3Hρd(1 + ω) = −Q, (7)
where equation of state ω = Pd
ρd
is used. Also, Q is the interacting term of the form,
Q = 3Hλρd, (8)
where λ is a dimensionless positive parameter. Therefore we can rewrite equations (6) and
(7) as the following,
˙ρm + 3Hρm(1− λ
u
) = 0, (9)
and
ρ˙d + 3Hρd(1 + λ+ ω) = 0, (10)
where u = ρm
ρd
. Adding both equations (6) and (7) gives,
ρ˙t + 3H(1 + ωt)ρt = 0, (11)
where ρt = ρd + ρm, and
ωt =
Pd
ρd + ρm
=
ωΩd
1 + Ωk
, (12)
where the fractional energy densities are defined as,
Ωk =
k
a2H2
, (13)
Ωd =
ρd
3M2pH
2
, (14)
Ωm =
ρm
3M2pH
2
, (15)
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which yield to the following relation,
1 + Ωk = Ωd + Ωm. (16)
In the following we use unitary transformation M2p = 8piG = 1.
Now we investigate relation between entropy corrected HDE model and modified Chaplygin
gas with the following equation of state,
P = Aρ− B
ρn
(17)
with 0 < A ≤ 1, B > 0, and n > 0. We would like to examine the equation (3) for the
following cases.
3.1 Hubble radius as IR cut-off
In that case we use,
L = H−1, (18)
in the equation (3) which gives,
ρd = 3c
2H−2 + γH−4 lnH2 + βH−4. (19)
Using the equations (5), (10) and (19) give the following equation of state parameter,
ω = −1 + uC − λ
1− C , (20)
where C ≡ c2 − H2
3
(4γ lnH + γ + 2β). So, one can obtain,
ωt = (−1 + uC − λ
1− C )Ωd. (21)
On the other hand, the MCG model has the following equation of state parameter,
ωCG = A− B
ρn+1
, (22)
where we used the equation (17) and ωCG = P/ρ. By using modified Chaplygin gas equation
of state in the energy conservation relation one can obtain scale factor-dependent energy
density as the following,
ρn+1 =
1
A+ 1
(
B +
δ
aµ
)
, (23)
where µ = 3(A + 1)(n + 1) and δ is the integration constant. Substituting (23) in (22) and
assuming ωCG = ωt give,
A− B(A + 1)
B + δ
aµ
= (−1 + uC − λ
1− C )Ωd. (24)
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Therefore we obtain, √
ρd(0)
3
(t− t0) =
∫
a
1
2
(3C(u−λ)−2)√
1− uC−λ
1−C
√
B − δA
aµ
B + δ
aµ
da (25)
Thus, the entropy-corrected HDE model for Hubble radius as IR cut-off can be considered
as modified Chaplygin gas model.
3.2 Event horizon radius as IR cut-off
In that case we use,
L = RE , (26)
in the equation (3). For the event horizon, the radius is chosen in the form of L = ar(t)
where the function r(t) obtained from the following relation,∫
dr√
1− kr2 =
∫
dt
a
=
RE
a
, (27)
with r(t) = 1√
k
sin y. Therefore we can obtain,
ω = −1− λ− 1√
3
A+
√
Ωd
3
D, (28)
where
A ≡ c2 + L
−2
3
(γ lnL2 + β)D,
D ≡ −6c
2 − 8γ(L−2 lnL− 1)− 4βL−2
(3c2 + L−2(γ lnL+ β))
3
2
. (29)
Now from the equation (12) we have,
− B −
δA
aµ
B + δ
aµ
= (−1− λ− 1√
3
A+
√
Ωd
3
D)Ωd, (30)
which may be rewritten as the following equation,
θx3 − τx2 + ξ = 0 (31)
where θ = D√
3
, τ = (1 + λ+ A√
3
), ξ =
B− δA
aµ
B+ δA
aµ
, and x =
√
Ωd. Hence, we obtain,
√
Ωd =
3
√
−108 ξ θ2 + 8 τ 3 + 12
√
−3 ξ (−27 ξ θ2 + 4 τ 3)θ
6θ
+
2τ 2
3θ 3
√
−108 ξ θ2 + 8 τ 3 + 12
√
−3 ξ (−27 ξ θ2 + 4 τ 3)θ
+
τ
3θ
. (32)
From the Fig. 1 we can see that the parameter γ increased the Ωd while the parameter β
decreased one.
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Figure 1: Typical behavior of Ωd with γ (solid line) and β (dashed line).
3.3 Ricci length scale as IR cut-off
In that case we use,
L = (2H2 + H˙)
−1
2 , (33)
in the equation (3), and after some calculations obtain,
Ωd =
7B − δ(3A−4
aµ
)
(B + δ
aµ
)(2η + 3(u+ 1))
, (34)
where, η = c2 + 1
3L2
(γ lnL + β). We find that Ωd is always positive (see Fig. 2), which is
agree with the Ref. [30]
Figure 2: Typical behavior of Ωd in terms of scale factor.
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3.4 Granda-oliveros length scale as IR cut-off length
In that case we use [53, 54],
L = (αH2 + βH˙)
−1
2 , (35)
in the equation (3), and after some calculations and compare with modified Chaplygin gas
obtain,
Ωd =
B(3β + 2α) + δ(−3βA+2α
aµ
)
3β(B + δ
aµ
)( 2
3β
+ (u+ 1))
. (36)
4 Entropy-corrected HDE model and scalar field mod-
els
In this section we consider three models of scalar field and investigate relation with entropy
corrected HDE model.
4.1 K-essence
The general form of the action for K-essence scalar field written as the following,
S =
∫
d4X
√−gP (Φ, X), (37)
where P (Φ, X) is pressure density and X = −Φ˙
2
2
. The energy density and pressure repre-
sented as the following,
ρ(Φ, X) = f(Φ)(−X + 3X2), (38)
and
P (Φ, X) = f(Φ)(−X +X2), (39)
where f(Φ) represents the K-essence potential, and in comparison with entropy corrected
HDE model we obtain,
X =
1− ω
1− 3ω . (40)
4.1.1 Event horizon radius as IR cut-off
In that case by using the relation (26) we can obtain,
X =
2 + λ+ A√
3
−
√
Ωd
3
D
4 + 3λ+
√
3A−√3ΩdD
, (41)
which yields to the following expression,
f(Φ) =
ρd
3X2 −X =
3H2Ωd(4 + 3λ+
√
3A−√3ΩdD)
2(2 + λ+ A√
3
−
√
Ωd
3
D)
. (42)
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In order to have a real K-essence scalar field we should have the following restriction,
1
3
(
4 + 3λ+
√
3A
D
)2 < Ωd < 3(
2 + λ+ A√
3
D
)2. (43)
4.1.2 Ricci length scale as IR cut off
Now, by using the relation (33) we obtain,
X =
2
3Ωd
[Ωd
η
− 2] + (u+ 2)
2
Ωd
[Ωd
η
− 2] + (3u+ 4) . (44)
Therefore, we obtain,,
f(Φ) =
3H2Ωd[
2
Ωd
(Ωd
η
− 2) + (3u+ 4)]2
2(2 + 2
3Ωd
(Ωd
η
− 2) + u) . (45)
In order to have a real K-essence scalar field we should have the following restriction,
4
2
η
+ 3u+ 6
< Ωd <
4
2
η
+ 3u+ 4
. (46)
From the equation,
Φ˙2 = −2X, (47)
we can write the explicit form of the K-essence scalar field as,
Φ =
√
2
∫ √√√√ 23Ωd (Ωdη − 2) + (u+ 2)
−2
Ωd
(Ωd
η
− 2)− (3u+ 4)dt. (48)
4.2 Tachyon field
The effective lagrangian for the tachyon field is described by,
L = −V (Φ)
√
1− gµν∂µΦ∂νΦ. (49)
The energy density and pressure for the tachyon field are given by the following expressions,
ρ =
V (Φ)√
1− Φ˙2
, (50)
and,
P = −V (Φ)
√
1− Φ˙2. (51)
In order to find relation between tachyon field and entropy corrected HDE model we consider
cases of event horizon radius and Ricci length scale as IR cut-off.
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4.2.1 Event horizon radius as IR cut-off
In that case by using the relation (26) we can obtain,
Φ =
∫ √−λ− A√
3
+
√
Ωd
3
D
HΩd[−3 + (1− Ωd)(
√
3A−√3ΩdD)− 3(1 + λ)Ωd]
dΩd + Φ0, (52)
and,
V (Φ) = 3
√
1 + λ+
A√
3
−
√
Ωd
3
DH2Ωd. (53)
4.2.2 Ricci length scale as IR cut off
Now, by using the relation (33) we obtain,
Φ =
∫ √
2− 2
3Ωd
(
Ωd
η
− 2)− udt+ Φ0 (54)
and,
V (Φ) = 3
√
2
3Ωd
(
Ωd
η
− 2) + (u− 1)H2Ωd. (55)
Relation (55) tells that the correction parameters which involves in η decreased potential
V (Φ).
4.3 Quintessence
The energy density and pressure for the quintessence are given by,
ρΦ =
1
2
Φ˙2 + V (Φ), (56)
and
PΦ =
1
2
Φ˙2 − V (Φ), (57)
where Φ is a quintessence field with potential V (Φ). Here, we assumed ρΦ = ρd and PΦ = Pd.
Therefore, one can be obtain,
Φ =
∫ √
(1 + ωd)
√
(3Ωd)
Ω′d
dΩd, (58)
and,
V (Φ) =
3
2
(1− ωd)H2Ωd (59)
where,
Ω′d = Ωd[−3 + (1− Ωd)(
√
3A−
√
3ΩdD)− 3(1 + λ)Ωd] (60)
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4.3.1 Event horizon radius as IR cut-off
In this case one obtain,
Φ = 2
∫ √ 1√
3
(xD −A)− λ
[−√3 + (1− x2)(A− xD)−√3(1 + λ)x2]dx+ Φ0 (61)
where x ≡ √Ωd defined as before, and,
V (Φ) =
3
2
H2(2 + λ+
A√
3
−
√
Ωd
3
D)Ωd. (62)
Thus, Φ and V (Φ) are obtain as a function of the density parameter Ωd.
4.3.2 Ricci length scale as IR cut-off
By using the relation (33) we obtain,
Φ =
√
4− [2
η
− 3u][ 7Ba
µ + δ(3A+ 4)
(Baµ + δ)(2η + 3(u+ 1))
]
da
a
+ Φ0, (63)
and,
V (Φ) = (3 +
1
η
+
3
2
u)(
7Baµ − δ(3A− 4)
(Baµ + δ)(2η + 3(u+ 1))
). (64)
It is clear that the entropy correction parameters decreased value of potential.
5 Conclusion
In this paper, entropy-corrected holographic dark energy model considered for various IR
cut-off such as Hubble radius, event horizon radius, Ricci length scale, and Granda-Oliveros
length scale. Indeed we extended the Ref. [30] to the case of entropy corrected with param-
eters γ and β. We investigated relation of entropy-corrected holographic dark energy model
with modified Chaplygin gas and scalar field models. We found that correction parameters
may be increased or decreased dark energy density. Indeed, we found that the first correction
term (second terms of right hand side of the equation (3)) increased dark energy density,
while the second correction includes parameter β decreased dark energy density. Therefore
appropriate choices of γ and β may be canceled each other. Also we found that the correc-
tion parameters reduced potential of scalar fields.
Here, there are some interesting problems such as adding shear and bulk viscosity to system
and repeat discussion of this paper. Also one can use explicit expression of scale factor in
terms of time and discuss time-dependent solutions.
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